There are a number of reasons for the increase in experimentation in political science in the 1970s and 1980s as is discussed in Kinder and Palfrey (1993) . We believe that the dominant explanation for the expansion since 1990 is the increase in cheap and easily programmable computer networking technology. Via such networks in laboratory and over the Internet, the number of possible experimental designs is hugely greater than what researchers can conduct manually. Computer technology has also led to a greater ability to engage in survey experiments and to deal with the statistical and other methodological issues that are sometimes involved in field and natural experiments.
Technology has transformed political science into an experimental discipline. In this chapter we explore the expanding area of experimental political science and some of the concerns involved in experimentation.
2
What is an Experiment?
The Myth of the Ideal Experiment
Political science is a discipline that is defined by the substance of what we study, politics. As Beck (2000) remarks, researchers "freely use whatever methodological solutions are available" drawing from other social sciences like economics, sociology, and psychology as well as statistics and applied mathematics to answer substantive questions. Unfortunately this has led to misinterpretations as experimentalists learn about their method from other disciplines and few nonexperimentalists have an understanding of advances that have occurred outside political science. The most prominent misconception is that the ideal experiment is one where a researcher manipulates one variable, called a treatment, there is an experimental group who receives the treatment and a control group who does not, and subjects are randomly assigned across groups.
This perception arises largely because most nonexperimentalists learn about experiments through the lens of behavioral social science methods formulated in the 1950s. Certainly such a design can be perfect for the case where a researcher is interested in the causal effect of a binary variable that might affect the choices of subjects in some known context, and the researcher is interested in nothing else. But this is rarely true for any significant question in twenty-first century political science research. There is no perfect or true experiment. The appropriate experimental design depends on the research question just as is the case with observational data. In fact, the variety of possible experimental designs and treatments is just as wide as it is with observational data, and in some ways there is a greater range of possibilities through experiments than is possible with observational data. How then is experimental research different from research with observational data? What is experimental political science?
Playing God
The defining characteristic of experimental research is intervention by the researcher in the data generating process (DGP), which we define as the source for the data we use in research. In experimental research, the variation in the data is partly a consequence of the researcher's decisions before the data is measured, the design stage.
We call the data generated by such intervention, experimental data. Non-experimental empirical research involves using only data in which all the variation is a consequence of factors outside of the control of the researcher, the researcher only observes the DGP, but does not intervene in that process. 3 We call this data observational or non-experimental data.
Simulations versus Experiments
Occasionally political scientists use the term experiment to refer to a computer simulation either to solve a formal model or to explore the implications of an estimated empirical model. We do not include such analyses here. In experimental political science the subjects' choices are independent of the researcher's brain; the subjects' brains and feelings affect their choices in ways that the researcher cannot control. As opposed to simulations, subjects in experiments freely make decisions within the controlled environment constructed by the experimenter.
Natural Experiments
Sometimes nature acts in a way that is close to how a researcher, given the choice, would have intervened. For example, hurricane Katrina displaced thousands of New
Orleans residents and changed the political makeup of the city as well as having an impact on locations that received large numbers of refugees. This gives researchers the opportunity to evaluate theories of how representatives respond to changing constituencies. Such situations are called natural experiments. It is as if nature had two sides, the side that generates most data, and then the interventionist side that occasionally ran experiments like academics, messing up its own data generating process.
Aren't We Leaving Important Things Out?
Beyond intervention, some would contend that control and random assignment are "must have" attributes to an experiment. Below we discuss these two additional features.
Control
In the out of date view control refers to a baseline treatment that allows a researcher to gather data where he or she has not intervened. But many experiments do not have a clear baseline and in some cases it is not necessary. For example, suppose a researcher is interested in evaluating how voters choose in a three-party election conducted by plurality rule as compared to how they would choose in an identical three-party election conducted via proportional representation. The researcher might conduct two laboratory elections where subjects' payments depend on the outcome of the election but some subjects vote in a proportional representation election and others vote in a plurality rule election. The researcher can then compare voter behavior in the two treatments.
In this experiment and in many like it, the aspect of control that is most important is not the fact that the researcher has a comparison, but that the researcher can control confounding variables such as voter preferences and candidate identities in order to make the comparison meaningful. To make the same causal inference with observational data alone the researcher would need to do two things: (1) rely on statistical methods to control for observable confounding variables such as control functions in regression equations, proximity scores, or matching methods and (2) make the untestable assumption that there are no unobservable variables that confound the causal relationship the researcher is attempting to measure. 4 In observational data things like candidate identities cannot be held constant and it may be impossible to "match" the observable variables. By being able to control these things, an experimentalist can ensure that observable variables are perfectly matched and that many unobservables are actually made observable and subject to the same matching.
Random Assignment
Most non-experimentalists think of random assignment as the principal way that an happening in the manipulated data generating process? Thus, when political scientists refer to internal validity they are often referring to three things as a whole: statistical conclusion validity, local molar causal validity, and construct validity.
Are Experiments Externally Valid?
SCC defines external validity as whether causal inferences established in an empirical analysis hold over variation in persons, settings, treatment variables, and measurement variables. Do the results from one dataset generalize to another? This is a question that is of importance for any empirical researcher, regardless of whether the dataset is experimental or observational. If we study, for example, voter turnout in
Congressional elections, can we generalize from that study to turnout in mayoral elections or elections in Germany or elections held in a laboratory? Yet, most political scientists rarely worry about the external validity issue with observational data but do worry about it with experimental data. Political scientists typically assume that external validity means that the dataset used for the analysis must resemble some "natural" DGP.
Since experimentation means manipulation and control of the DGP and an experimental dataset generated through that manipulation and control, then some argue it is obviously not natural and the results cannot be externally valid by definition. Yet even in observational data, the researcher, by choosing variables to measure and study, by focusing on particular aspects of the data, also engages in manipulation and control through statistical and measurement choices. The researcher who works with observational data simplifies and ignores factors or makes assumptions about those things he or she cannot measure. The observational dataset is not natural as well since it is similarly divorced from the natural DGP and by the same reasoning the results cannot be externally valid either.
It is a mistake to equate external validity with whether a given dataset used to establish a particular causal relationship resembles the natural DGP (which can never be accurately measured or observed). Instead, establishing whether a result is externally valid involves replication of the result across a variety of datasets. For example, if a researcher discovered that more informed voters were more likely to turnout in Congressional elections and then found that this is also true in mayoral elections, in elections in Germany, and in an experiment with control and manipulation as well, then we would say the result showed high external validity. The same thing is true about results that originate from experimental analysis. If an experiment demonstrates a particular causal relationship, the establishment of whether that relationship is externally valid is accomplished by examining whether the relationship exists across a range of experimental and observational datasets and not whether the original experimental dataset resembles a hypothesized version of the natural DGP.
One of the most interesting developments in experimental research has been the influence of laboratory experiments that test the behavioral assumptions in rational choice based models in economics. Although these results are extremely hard to discern in observational data, the robustness of some of the behavioral violations has been established across a wide range of experimental datasets. An entire new field within economics has evolved as a consequence, behavioral game theory, with a whole new set of perspectives on understanding economic behavior, something that was almost unthinkable twenty years ago. It is odd that many in political science who disagree with assumptions made in rational choice models are also too quick to dismiss the experiments which test those assumptions as not having external validity, when external validity is really about the robustness of these experiments across different formulations, not about whether the experiment resembles the hypothesized natural DGP.
Dimensions of Experimentation in Political Science
Location: Field, Lab, or Web?
A dimension that is especially salient among political scientists, particularly nonexperimentalists, is location. Laboratory experiments are experiments where the subjects are recruited to a common location, the experiment is largely conducted at that location, and the researcher controls almost all aspects in the environment in that location except for subject behavior. Field experiments are experiments where the researcher's intervention takes place in an environment where the researcher has only limited control beyond the intervention conducted and the relationship between the researcher and the subject is conducted often through variables outside of the researcher's control. The distinction between laboratory and field experiments is fast becoming more complex as new types of combinations of laboratory and field experiments have developed via the Internet. That is, some of the same treatments that formerly could only be conducted in the laboratory are now conducted via the Internet in a virtual laboratory.
Why Laboratories?
Laboratory experiments provide a researcher with greater control. For example, suppose that a researcher is conducting a decision-making experiment that evaluates the extent that different types of campaign advertisements affect voter preferences. In the laboratory, the researcher can show the ads in a specially designed environment that can be held constant across subjects. In the field, the subjects can be shown the ads in their homes or via the internet, but the researcher loses control over other aspects of the environment in which the ads are watched. If these environmental differences vary systematically with which ads are viewed or other factors that affect the subjects viewing of the ads and these factors are unobservable by the researcher, then the comparison between ads can be more difficult to determine. The advantage of control in the laboratory also extends to group experiments such as the one described above where the researcher is comparing plurality rule with proportional representation.
Second, in the laboratory the researcher has the ability to create environments that do not exist at all in observational data. For example, in the laboratory the researcher can conduct group and individual decision-making experiments on voting mechanisms, which are used very little if at all in any country. Many have proposed that approval voting would be a better choice mechanism than plurality or proportional representation. 5 In the laboratory a researcher can create and conduct elections using new procedures that it would be difficult to convince jurisdictions to adopt on a random basis as in Bassi (2006) . Finally, there are still some technologies and manipulations used in experiments that require subjects to go to a laboratory. In particular, social scientists are beginning to use fMRI equipment to measure brain activity as subjects make choices [see Dickson and Scheve (2006) ]. Currently such equipment is not portable. Some experiments involve subjects in face-to-face interactions as in some free form deliberation experiments and require that subjects be physically in the same space in order to test theories about the effects of such interactions. Such experiments can be difficult if impossible to conduct outside of a laboratory.
Why the Field or the Internet?
Field and Internet experiments can potentially be both group or individual, although most currently are individual decision-making experiments. One of the first experiments in political science was Gosnell's (1924) 
Audience or Goal: Theorists, Empiricists, or Policy Makers?
Experiments tend to vary in the audience that they address and the goal of the analysis. Experimental political scientists have three types of audiences-theorists, empiricists, and policy-makers. An experimentalist can create the electoral institution and pay subjects based on the outcomes of voting that induces a preference ordering over the candidates. An example of such a payment schedule is shown in Table 1 below. Note that the payoffs are received based on who wins, not based on how a voter chose. For example, if subjects who are assigned to be type 1 voted for candidate A and that candidate wins the election, then that subject would receive $1 for the election period, but if candidate C wins, even though the subject voted for B, the subject would receive only $0.10. Similarly, if voters who are type 2 vote strategically for A while the other voters vote choose sincerely, A would win. As Myerson and Weber (1993) show formally this voting situation all three of these outcomes are equilibria in pure strategies.
Suppose now that in order for a candidate to win, he or she must receive at least 50% of the vote, that is, there is a majority requirement. If no candidate receives more than 50% of the vote, a run-off election is held between the two top vote receivers. In such a case, then even if everyone votes sincerely in the first round election and C wins that vote, C would have to face either A or B in a run-off (assuming that ties are broken by random draws). In a run-off, either A or B would beat C, so C cannot win. Of course voters of types 1 and 2 might engage in strategic voting in the first round as discussed above and then there would be no need for a run-off. Morton and Rietz (2006) show formally that when there are majority requirements and voters perceive that there is some probability, albeit perhaps small, that their votes can affect the electoral outcome, the only equilibrium is for voters to vote sincerely in the first stage and let the random draw for second place choose which candidate faces C in a run-off and then wins the election.
The theory then suggests that strategic voting in our payoff matrix is not likely when there are majority requirements, but possible when not. These predictions depend on assumptions about payoffs, voting rules, and the distribution of voter types as well as voter rationality. The experimenter can create the situation that closely matches the theoretical assumptions about payoffs, voting rules, and the distribution of voter types and then evaluate whether the subjects actually choose as the theory would predict. The results from such an experiment then tell the theorist about the reasonableness of their assumptions about human behavior.
Searching for Facts
Political scientists also use experiments to search for facts. But many see this as a less theory-driven enterprise than economists. Economists typically view searching for facts as beginning with a well articulated formal theory, but varying something experimentally that the theory does not suggest should matter to see if it does. For example, as noted in the voting game in Table 1 above when votes are counted according to plurality rule there are multiple equilibria. Myerson and Weber (1993) conjecture, but do not prove, that campaign contributions and public opinion polls can serve as a coordinating device for types 1 and 2 voters. That is, voter types 1 and 2 would like to coordinate on a common candidate. One way such coordination may be facilitated is by coordinating on whichever candidate is ahead in a public opinion poll or in campaign contributions prior to the election. However, there is no theoretical basis on which to argue that voters will use polls or contributions in this fashion. As reviewed by Rietz To see how theorizing is necessary for searching for facts, consider a simple field experiment on voter information. Suppose that a researcher randomly assigns a set of voters in an upcoming election to a treatment group that receives informative campaign material and a control group that does not. The researcher then measures how voters in the treated and control groups voted. In order to make a causal inference about the effect of the treatment on voter behavior, researchers who are searching for facts like Gerber and Green typically take a Rubin Causal Model approach, hereafter RCM, to establishing causality [see Rubin (1974) and Holland (1988) ]. The researcher using an RCM approach to establish a causal inference must hypothesize that for each voter in each group there are two potential behavioral choices, a choice the voter makes when informed and a choice a voter makes when uninformed. Of course, only one state of the world is ever observed for any given voter. The researcher must hypothesize that these counterfactual worlds exist even though he or she knows that they do not. Furthermore, the researcher must then make what is called the stable unit treatment assumption (SUTVA) which rules out any cross-effects of treatment from one subject on another's choices, homogeneity of treatment across subjects, and a host of many other implicit assumptions about the DGP that are often unexplored as discussed in Morton and Williams (2006) . Finally, the researcher must typically also make the untestable assumption that unobservables do not confound the effect he or she is measuring; that there are no selection effects that interfere with the randomization he or she is using in the experimental design. Searching for facts, even in field experiments, requires that a researcher theorize; it is not possible to search for facts and through trial and error discover nuances of the DGP without theorizing about that process. Druckman to the experimental data as if they did not know the underlying bargaining game used in that treatment. They find that the empirical estimation strategies fail to distinguish between different bargaining procedures used in the laboratory. Thus, their results show that some standard empirical strategies used by political scientists on observational data unlikely to correctly identify the underlying bargaining game.
A Test Bed for Political Methodologists

Experimentalists as Politicians' Assistants
Finally, political scientists also conduct experiments in order to speak to policy makers. Gosnell's early experiment was arguably an attempt to whisper in the ears of princes; it is well known that he was highly involved in everyday politics in his Chicago community. Gerber and Green (2004) have written a book on their experimental research on techniques of mobilizing voters expressly addressed to those involved in election campaigns with a title that is meant to attract practitioners: Get Out the Vote! Moreover, Gerber and Green (2002) have argued that the relationship between political experimentalists in field experiments and actors in politics is a potentially interactive one and that increased experimentation by political scientists will increase the relevance of political science research for political actors. For example, suppose that an interest group is uncertain about which advertising strategy is likely to work in an upcoming election. If the interest group is induced to randomize their advertisements across television markets by an experimentalist both the experimentalist and the interest group can gain knowledge about the causal effects of such advertisements that presumably the interest group can then use to make more efficient choices in the future.
Should political scientists, as Gerber and Green advocate, increase their focus on experiments that can interest and be directly relevant to nonacademics? Certainly, some experiments can serve this purpose. There is no question that both political scientists and political actors are interested in figuring out why people vote or how campaign advertisements affect voter preferences or how to measure public opinion. Political scientists and political actors are also interested in determining how district boundaries and different electoral rules affect which candidates are elected and in particular, the success of minority candidates. However, as in any research enterprise where researchers focus on questions that mutually interest academics and nonacademics there are potential problems. Given that nonacademics may have financial resources to pay for the services of academics, the weight of their dollars can possibly affect the choice of which questions are asked and how they are asked. Furthermore, nonacademics may not be as willing to share information gathered through such research since politics is often a competitive arena.
Concluding Remarks
Political science is an experimental discipline. Nevertheless, we argue that most political scientists have a view of experimentation that fits a 1950s research methodology and misunderstand the issue of external validity. These false perceptions lead many political scientists to dismiss experimental work as not being relevant to substantive
